INTRODUCTION
============

Peanuts are one of the most common food allergens, although the prevalence of peanut allergy varies according to region and race.[@B1][@B2][@B3][@B4] The estimated prevalence of peanut allergy ranges from 0.4 to 1.8% and seems to be increasing in Western countries.[@B5][@B6][@B7] However, the prevalence of peanut allergy in Asian countries has been reported to be lower than Western countries.[@B3][@B4] The parent-reported incidence of peanut allergy in Korea is 0.68% in infants and 0.34% in early childhood.[@B8][@B9] Nevertheless, a great deal of attention has been focused on peanut allergy, because it is often severe and has a tendency to be lifelong.[@B10]

Although the oral food challenge (OFC) is considered the gold standard test to confirm food allergy, predictive diagnostic decision point (DDP) values for specific IgE (sIgE) antibodies have been determined and are widely used in clinical settings to avoid an unnecessary OFC.[@B11][@B12] A recent Korean study demonstrated much higher DDP levels of sIgE for the diagnosis of egg allergy or cow\'s milk allergy than the DDPs previously established in other countries.[@B13] This could be due to differences in the study population, such as race and region, as well as the prevalence of food allergy.[@B13][@B14] It indicates that the DDP for peanut allergy must be evaluated in each region, although the cutoff values were previously reported to be 14 kU/L.[@B11][@B12]

Ara h 1, 2, and 3 are heat-stable seed storage proteins that are well defined major peanut allergens.[@B7] Among them, Ara h 2 is the most frequent and important peanut allergen in Western children.[@B7][@B15][@B16][@B17] A study of Korean children demonstrated that Ara h 2 is associated with severe clinical symptoms, but is a less prevalent peanut allergen than in Western subjects.[@B18] However, the utility of component resolved diagnostics (CRD) for the diagnosis of peanut allergy was not investigated in Korea.

In the present study, we attempted to validate the previously established DDP for predicting the outcome of OFCs in Korean children and to find optimal cutoff levels of peanut-sIgE antibodies for the diagnosis of peanut allergy. In addition, we evaluated the usefulness of sIgE antibodies to peanut components such as Ara h 1, 2, 3, 8, and 9 for discrimination of clinically relevant peanut allergy.

MATERIALS AND METHODS
=====================

We enrolled children ≥12 months of age who visited Samsung Medical Center and Pusan National University Hospital for evaluation of suspected allergy to peanuts from January 2011 to December 2013. The diagnosis for peanut allergy was confirmed by an open OFC. Children who had a definitive history of anaphylaxis within a year did not undergo an OFC, but were included in the statistical analysis. A patient was assigned to the peanut-allergy group when (1) the patient or his/her guardians reported a convincing history of anaphylaxis after peanut ingestion and had detectable peanut sIgE, or (2) when a patient had a positive OFC result. A patient was assigned to the peanut-tolerance group based on a negative OFC result. Anaphylaxis was defined according to the World Allergy Organization Anaphylaxis Guidelines.[@B19] The study protocol was approved by the Institutional Review Board of Samsung Medical Center and Pusan National University Hospital.

Serum samples were analyzed using immunoCAP (Thermo Fisher Scientific Inc., Waltham, MA, USA) to quantify total IgE and sIgE antibodies to peanuts, Ara h 1, Ara h 2, Ara h 3, Ara h 8, and Ara h 9. Sensitization was defined when the sIgE levels was 0.35 kU/L or greater. Levels of sIgE antibodies above 100 kU/L were assigned a value of 101 kU/L for analysis. The six samples for this study were provided by Pusan National University Hospital, a member of the National Biobank of Korea, which is supported by the Ministry of Health and Welfare. Six samples derived from the National Biobank of Korea were obtained with informed consent under institutional review board-approved protocols.

Open OFCs were performed under the supervision of allergists according to the Korean guidelines.[@B20] Peanut kernels were roasted at 170℃ for 10 minutes. Starting dosage was 0.1 g and was increased every 15 minutes until a total dose of 10 g was reached or until the patient reported allergic symptoms. A positive test result was confirmed by the attending pediatric allergist when one or more of the following symptoms developed within 2 hours of the last challenge dose: urticaria, angioedema, rhinorrhea, cough, wheezing, stridor, dyspnea, vomiting, or hypotension.[@B20][@B21][@B22]

Statistical analysis was performed using SAS software (SAS Institute Inc., Cary, NC, USA) and the R software package, version 3.0.2 (R Foundation for Statistical Computing, Vienna, Austria). The median level of sIgE (kU/L) and interquartile range (IQR) were calculated. Mann-Whitney *U* and Fisher exact tests were used to compare continuous and binary variables between the peanut allergy and tolerance groups, respectively. Performance characteristics such as sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were analyzed by using the previously established DDP of 14 kU/L as the peanut-sIgE level.[@B11][@B12] Receiver operating characteristic (ROC) curves were constructed using the ROCR R package. The optimal cutoffs were determined by maximizing the PPV. A *P* value \<0.05 was considered significant.

RESULTS
=======

Overall, 48 children (22 boys and 26 girls) with a suspected peanut allergy were enrolled. Among them, five children had a definitive history of anaphylaxis after the ingestion of peanuts ([Fig. 1](#F1){ref-type="fig"}). The mean age of the study subjects was 4.9±2.9 years (range, 1.0-14.0 years). Of 48 children, five (10.4%) were younger than 24 months, with 14 children (29.2%) between 24 and 47 months of age, 15 children (31.2%) between 48 to 71 months, and 14 children (29.2%) above the age of 72 months. Concomitant allergic diseases were found in 40 (83.3%) subjects, with 81.3% having atopic dermatitis, 22.9% having asthma, and 29.2% having allergic rhinitis. Twenty-two children was confirmed to have peanut allergy, while 26 passed the peanut challenge and classified into peanut-tolerance group. In children with peanut allergy, the most frequent symptoms were cutaneous manifestations (100%), followed by respiratory symptoms (27.3%), gastrointestinal symptoms (13.6%), and cardiovascular symptoms (4.5%). Overall, 31.8% of the reactions involved two or more systems. Characteristics and total IgE levels were not different between the peanut-allergy group and peanut-tolerance group ([Table 1](#T1){ref-type="table"}).

Of 48 children, 38 (79.2%) were sensitized to peanuts. Their median level of peanut-sIgE was 2.6 kU/L (range 0-101 kU/L). The proportion of children sensitized to peanut was significantly higher in the peanut-allergy group than in the peanut-tolerance group (*P*= 0.013). The median level of peanut-sIgE was also significantly higher in the peanut-allergy group than in the peanut-tolerance group (5.4 vs 1.1 kU/L, *P*\<0.001) ([Fig. 2](#F2){ref-type="fig"}). The median level of Ara h 2-sIgE antibodies was also higher in the peanut-allergy group than in peanut-tolerance group (0.8 vs 0 kU/L, *P*\< 0.001) ([Fig. 2](#F2){ref-type="fig"}). More children were sensitized to Ara h 2 in the peanut-allergy group than in the peanut-tolerance group (*P*\<0.001). However, there were no differences in the proportion of children with sIgE antibodies to Ara h 1, 3, 8, and 9 or the median levels of sIgE antibodies between allergy and tolerance groups.

When we applied the previously established DDP for peanutsIgE antibodies to the study population, the sensitivity, specificity, PPV, and NPV values obtained were 22.7%, 100%, 100%, and 60.4%, respectively. The relationship between sensitivity and specificity was further evaluated by analysis of the ROC curve, which showed an acceptable area under the curve (AUC) of 0.91 ([Fig. 3](#F3){ref-type="fig"}). The peanut-sIgE concentration indicating a 100% risk of reaction was 10.3 kU/L (sensitivity 31.8%, specificity 100%, PPV 100% NPV 63.4%) ([Table 2](#T2){ref-type="table"}). Peanut-sIgE levels of 0.7 kU/L had a NPV of 90.1%, PPV of 56.8%, sensitivity of 95.4%, and specificity of 38.4%. The ROC curve analysis for Ara h 2-sIgE antibodies yielded an acceptable AUC of 0.82 ([Fig. 3](#F3){ref-type="fig"}). The Ara h 2-sIgE level indicating a 100% risk of reaction was 4.0 kU/L (sensitivity 31.8%, specificity 100%, PPV 100%, NPV 63.4%) ([Table 2](#T2){ref-type="table"}). Ara h 2-sIgE level of 0.2 kU/L had a NPV of 77.8%, PPV of 76.2%, sensitivity of 72.7%, and specificity of 80.8%.

DISCUSSION
==========

Peanut-sIgE level can be used by the physician to predict the outcomes of OFCs in patients suspected of having peanut allergy; the reported cutoff value is 14 kU/L.[@B11][@B12] Our data showed that the peanut-sIgE concentration indicating a 100% risk of reaction was 10.3 kU/L. The previously established DDP of peanut-sIgE level was also a useful predictor for the outcomes of OFCs in Korean children suspected of peanut allergy, because the values for obtained PPV and specificity were all 100%. These levels are in close agreement with those of previous studies in various countries. For example, a previous US study reported that 15 kU/L was the 100% DDP for peanuts, while an Australian study reported that 10 kU/L was the 100% DDP for peanuts.[@B14][@B23] It is noteworthy that the level of peanut-sIgE for the prediction of OFC is similar among these study populations despite differences in race, age ranges, and dietary habits. A large prospective study is needed to confirm the reliability and accuracy of our data.

We demonstrated that sensitization to Ara h 2 was more frequent than other peanut components, and was associated with clinical peanut allergy. There is a discrepancy among countries regarding sIgE reactivity to components other than Ara h 2. For example, sIgE to Ara h 9 is prominent in peanut allergic patients in Mediterranean studies, while Ara h 2 and Ara h 6 are the most frequently recognized major peanut allergens in Dutch children[@B24][@B25][@B26] A Singaporean study reported that 87% of patients reacted to Ara h 1 and 2 and 55% to Ara h 3.[@B27] The characteristics of the study population and dietary habits could have an influence on the frequency of sensitization to peanut components.[@B18]

Several previous CRD-based studies have shown that Ara h 2 is the most important allergen for discriminating between peanut allergy and tolerance.[@B7][@B15][@B18][@B28][@B29][@B30] We also found that median levels of sIgE to Ara h 2 were significantly higher in the peanutallergy group than in the peanut-tolerance group. The AUC of sIgE to Ara h 2 was 0.82, which was better than the AUCs of sIgE to Ara h 1, 3, 8, and 9. The Ara h 2-sIgE level indicating a 100% risk of allergic reactions was 4.0 kU/L. In an Australian study, it has been reported that 1.92 kU/L of Ara h 2-sIgE had the 96% PPV for peanut allergy,[@B29] while a Dutch study revealed 5 kU/L and 10 kU/L as the 96% and 100% PPV, respectively.[@B15] Ara h 2-sIgE test has, therefore, been proposed to provide strong predictive accuracy for the diagnosis of peanut allergy.[@B7][@B29] However, we found that the AUC for peanut-sIgE was greater than that for Ara h 2-sIgE, although their performance characteristics were similar. It indicates that the measurement of Ara h2-sIgE level does not provide additional benefit in predicting outcomes of OFCs.

This study had some limitations, including its small sample size and the fact that it was a single center study. As a retrospective study, enrollment of subjects may have been influenced by selection bias. Some patients with very high levels of peanutsIgE would have been excluded from the OFCs. In this context, anaphylaxis was observed in 31.8% of all reactions, which was about double that observed in other studies.[@B31][@B32] Nevertheless, this is the first Korean study to evaluate the DDP of sIgE antibodies to peanuts and peanut components for predicting the outcome of OFCs. In addition, peanut allergy was confirmed by a challenge test in all subjects who did not have a history of anaphylaxis.

In conclusion, we found that the previously established DDP of peanut-sIgE level may be useful predictor of the outcomes of OFC in Korean children suspected of peanut allergy. Furthermore, Ara h 2 is the most important allergen in Korean children with peanut allergy. The cutoff levels for peanut (10.3 kU/L) and Ara h 2 (4.0 kU/L) established in this study could aid in the diagnosis of peanut allergy in Korean children.
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![Flowchart of the study population.](aair-8-156-g001){#F1}

![Comparison of level of specific IgE against peanut, Ara h 1, Ara h 2, Ara h 3, Ara h 8, and Ara h 9 between the peanut-tolerance group and peanut-allergy group. Each box plot indicates an interquartile range (IQR) with median, upper and lower whiskers; upper and lower boundaries (3rd quartile/1st quartile± 1.5 IQR). ^\*^*P* value \<0.05. T, peanut-tolerance group; A, peanut-allergy group.](aair-8-156-g002){#F2}

![ROC analysis using specific IgE against peanut and peanut components (Ara h 1, Ara h 2, Ara h 3, Ara h 8, and Ara h 9) for the diagnosis of peanut allergy. sIgE, specific IgE; PPV, positive predictive value; NPV, negative predictive value.](aair-8-156-g003){#F3}

###### Demographic characteristics of subjects

![](aair-8-156-i001)

                                    Peanut allergy group (n=22)   Peanut tolerance group (n=26)   *P* value
  --------------------------------- ----------------------------- ------------------------------- -----------
  Sex (boys vs girls), no           14:8                          21:5                            0.183
  Median age, years (range)         4.3 (1.0-12.0)                5.3 (1.0-14.0)                  0.243
  Allergic diseases, no (%)                                                                       
   Atopic dermatitis                18 (81.8)                     21 (80.8)                       0.502
   Allergic rhinitis                6 (27.3)                      8 (30.7)                        0.391
   Asthma                           5 (22.7)                      6 (23.1)                        0.451
   Other food allergies             3 (13.6)                      3 (11.5)                        0.291
  Total IgE, kU/L, median (range)   1,215 (45-98,000)             850 (32-2,500)                  0.240
  Clinical symptoms, no (%)                                                                       
   Cutaneous                        22 (100)                                                      
   Respiratory                      6 (27.3)                                                      
   Gastrointestinal                 3 (13.6)                                                      
   Cardiovascular                   1 (4.5)                                                       
   Anaphylaxis                      7 (31.8)                                                      

###### Diagnostic Value Of The Prediction Model For The Cutoff Levels Of Specific Ige To Peanut And Ara h 2

![](aair-8-156-i002)

  Specific IgE (kU/L)   Peanut-allergy group (n=22)   Peanut-tolerance group (n=26)   Sensitivity (%)   Specificity (%)   Positive predictive value (%)   Negative predictive value (%)
  --------------------- ----------------------------- ------------------------------- ----------------- ----------------- ------------------------------- -------------------------------
  Peanut                                                                                                                                                  
   ≥10.3                7                             0                               31.8              100               100                             63.4
   \<10.3               15                            26                                                                                                  
  Ara h 2                                                                                                                                                 
   ≥4.0                 7                             0                               31.8              100               100                             63.4
   \<4.0                15                            26                                                                                                  
